effective method is the PWM that has ability to regulate the magnitude and frequency of inverter output voltage, and also eliminating or minimizing significant harmonic components of the output voltage. This kind of VSI, based on PWM method, can be performed using different types of strategies. The main types are; natural sampling, suboptimal, optimal and harmonic elimination strategies. Each one of these types depends on an algorithm that generates the PWM patterns which are used to drive the inverter swiching power devices [2] .
The most effective type is selected harmonic elimination (SHE) technique, which eliminates selected low order harmonics from the spectrum and also reduces the total harmonic distortion (THD) [3] . In fact, in order to obtain PWM patterns, number of nonlinear equations in terms of unknown switching angles, depend on number of harmonic components to be eliminated, have to be solved for each value of modulation index using numerical minimization approach. These can be achieved in off line and stored as look up tables. Due to the nature of nonlinearity between the switching angles and the fundamental of the PWM, a large number of look up tables are needed. These tables are stored in a programmable memory and using for example, microcomputer or microcontroller board which has been programmed to accept the value of modulation index and generate the corresponding switching angles. The problems of the conventional methods are the off line look up tables calculations , the selection values of PWM pattern , or using the analog and digital hardware because the solution of the equations for solving switching angles is difficult in on-line [4, 9] . The hardware needs a large look up tables to store the information of switching angles of SHE-PWM technique. Therefore a propose techniques are applied by using the intelligent methods (neural network and fuzzy logic). The intelligent methods are useful for this case because they represent nonlinear and complex models and apply this concept by simulating it with MATLAB/SIMULINK program, Moreover the time requirement to achieve this process is suitable for on line.
The idea of (SHE) based on chopping the square-wave output many times to eliminate the effective lower order harmonics, and also to control and regulate the fundamental voltage. Fig.1 shows a general inverter output voltage waveform with N chops per quarter-cycle [4] .
It is assumed that the periodic waveform has quarter-wave and half-wave symmetry, i.e. 
To obtain the amplitude of each harmonic content, Fourier series is applied, and the final result is given as [4] :
Where 'N' is the number of switching angles (chops) per quarter cycle, 'n' is the harmonic order. 
Where 'M is the modulation index, E is the DC supply voltage, and 'k=3,5,7..n' is the order of eliminated harmonic components. Notice that in the natural sinusoidal PWM strategy, a large number of switching is required, with the consequent increase of switching losses. With the method of Selective Harmonic Elimination, only selected harmonics are eliminated with the smallest number of switching. This method however is difficult to be implementing on-line due to computations and memory requirements and needs to solve a set of complex nonlinear equations. In a two level PWM single phase full bridge controlled inverter, with odd harmonics and half wave symmetries waveform and N chops per quarter cycle which is shown in Fig. (1), The magnitude of the harmonic components including the fundamental, are given by:
Where H n is the magnitude of the n th harmonic (odd harmonics) and N is number of chops per quarter cycle, and therefore N number of nonlinear equations, for each value of index M, need to be solved. In the above equations, the desired values is zero for the total number of (N-1) harmonic components to be eliminated and the desired per-unit AC magnitude for the fundamental and the solution aim for the 's angles.
Also N must satisfy the following condition:
Other switching angles will be obtained by symmetry as given in equation (1).
The implementation of the feed forward neural network based SHE (Programmed PWM) in single phase voltage source inverter is interesting and it makes the neural network controls the magnitude of fundamentals harmonic (H 1 ) easier in case that its value changes and returns it to a desired value. The feed forward neural network accepts modulation index as input, and gives the outputs as primary switching angles, the secondary switching angles can easily be produced from the primary ones [10] . The neural network used has one input neuron and N output neurons (to produce N switching angles) and here in this research use six as example i.e. N=6 to eliminate five selected harmonics which their order are 3 rd , 5 th , 7 th , 9 th , 11 th for N=6. It also fixes the modulation index to a desired value. Different numbers of hidden neurons have been tested; the neural network has sigmoid characteristics and bias. The training set for the network has been produced off-line solving the magnitude of harmonics equations for two hundred values of M with 0.005 steps from 0.01 to 1. This means that for each value of M gives a PWM pattern of switching. See the Appendix for samples of data for switching angels, with corresponding modulation indexes, which are obtained using microcomputer off line calculations. Therefore, it will be possible to get the training set from solving these nonlinear equations by writing a program contains the algorithm to solve these equations in M-file in MATLAB SYSTEM which in turn makes the process fast and easy. The design of the feed forward neural network proposed in this work consists of three layers, as shown in Fig. 2 . These layers are: input layer, which has one neuron received the value of M as input to the proposed circuit, and hidden layer in which the number of neurons depend on the complexity of the application and the speed of the process to reach the minimum Mean Square Error (MSE) between the output and the desired value as shown in Fig.3 , and output layer which has six neurons to represent the six switching angles and transfer it to firing circuit .
It is assumed that the input training set (P) are the modulation index M which is used as input to the neural network, while output, target training set (T) are the switching angles (α 1 ,α 2 ,α 3 ,…,α N ) and implementing them as supervised learning rule in the neural network and can explain them to be: In this model it is assumed that the DC voltage source is 100 V and the inverter is full bridge inverter with MOSFET switch and the with RL load of R=10Ω and L=10mH. The neural network chip is considered to accept one input (Modulation index) and generates six outputs (switching angles), and have firing circuit to generate firing signals for the inverter depending on the switching angles values. Figs. (7 & 8) show the voltage and current output of the inverter with the value of M=0.8 and their harmonic spectrum for the six switching angles circuit using on line neural network state.
The Fuzzy Logic controller is implemented on selective harmonic elimination PWM to find suitable design to carry out the function of choice and generate switching angles for the firing of the full bridge inverter. Fuzzy Logic algorithm can be implemented using MATLAB/SIMULINK program to achieve the design of the fuzzy logic circuit which will take the place of the neural network circuit in the previous model and Fig. 9 shows the model of full bridge inverter using fuzzy logic controller.
The design of fuzzy logic block depends on the saying that the input is a numeric number and not a human word like (low, high, fast,…). Therefore the membership function may differ from language once, and the output of the block which are also numeric numbers. This is achieved by using Sugeno-type fuzzy inference which accepts this idea and gives the chance to implement the input data and output data. In the Sugenotype fuzzy inference the input membership functions are the same as Mamdani , s inference method but the output membership functions are different from Mamdani in which the membership either constant or Linear, so the Sugeno-type inference is useful for the in hand proposed circuit. The circuit diagram of the fuzzy block is shown in Fig. 9 . This circuit contains one input as 100 membership functions representing input data with triangle membership type and can insert the value of each membership function as example [0.1 0.2 0.3], it also includes six output each output contain 100 membership functions representing output data with constant membership type which accepts one numeric value. There are 100 rules that work to combine between the input membership function and the output membership function as (if ….then) rules and these rules are similar to the training process in neural network for learning
The Simulink model of Fig.9 has been built incorporating the fuzzy logic block of Fig.10 with the necessary rules and membership functions. The model has been implemented to control the firing angles of a six pulse Hbridge inverter. Figs. (11 & 12) show the results of both voltage and current outputs waveforms and their spectrums of VSI at M=0.8 of fuzzy logic controller model. Table 1 shows an over all summary of the results, as a sample, given in % of the fundamental for the selected eliminated harmonics for: off line state, the neuro controller, and the fuzzy logic controller which are used to perform the six switching angles case at two values of M equal to 0.8 and 1.
The intelligent methods which are mentioned in this paper are implemented on (SHE PWM) to achieve the function of control instead of using digital signal processing which needs large look-up tables to save large amount of information about the values of modulation index and their corresponding switching angles values, as a result it needs a large memory to obtain high resolution. Therefore the intelligent techniques (neural network & fuzzy logic) deal with the plant as nonlinear map from input to output side by learning and training the network for neural network and building the rules to regulate the membership functions for fuzzy logic. It ca be concluded that:
1. From the simulation results using neural network package in MATLAB/SIMULINK program, it is found that the MSE (mean square error) for the training process is small and this refers to the closeness of the calculated output sets to the target sets and makes the new circuit equivalent to the original circuit, and also from the waveforms of the output voltage of the full-bridge inverter and their FFT spectrum like the results for the actual values. 2. the general properties of neural network is the simplicity of building and arranging to achieve the training process of the small sets of input and target and the number of nodes (neurons) in the hidden layer of the network, but for the large sets or for the high number of neurons in hidden layer, the network becomes complex and needs more time to complete the training process, after the training process it will be possible to get the sets of weights and biases which feed the neurons in each layer of the network and builds the new network. 3. For the fuzzy logic the circuit depends on the membership function of input and output and the rules which work to link between the input membership and output membership, and we implementing it on SHE PWM with sugeno fuzzy inference procedure which considers the output set constant and useful for representing the switching angles values, and as for the simulation results of MATLAB/SIMULINK is clear that the fuzzy logic system is accurate as the original circuit, but it differs from the neural network and it does not need time to train such as the neural network. 4. The neural network can realize any number of inputs and outputs for training and generating the patterns, but the fuzzy logic can only represent a limited number of inputs and outputs due to the increasing complexity and the number of the rules required which make it difficult.
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